Absorption spectra of methallyl, allyl, and methyl radicals were measured in the ArF laser flash photolysis of halogenated methanes and olefins, and 2-methyl-l-butene. Broad absorption spectra were detected immediately after excitation, indicating that the radicals carried high internal energy (called "hot" radicals here). The spectra were sharpened with time due to collisions with foreign gases and finally reaqhed equilibrium (spectra in relaxed states). The oscillator strengths (f) of methallyl and allyl radicals were found to remain about the same for hot and relaxed states. The values (f) in the relaxed states were determined with errors of + 10% to be 0.14 for the methallyl radical, 0.26 for the allyl radical, and 1.57 10 -2 (including the partition function) for the methyl radical.
INTRODUCTION
Radicals immediately after photodissociation are in highly excited vibrational and rotational states (called "hot" radicals). The hot radicals are collisionally cooled by foreign gases and finally reach equilibrium states (called "relaxed" radicals). The ultraviolet (UV) absorption spectra and molar extinction coefficients of allylic and methyl radicals have been extensively studied, but most of the work has been concerned with the relaxed states1-17. Hot methyl radicals have been investigated in detail on absorption spectra and by collisional dynamics1'4'6'1'11. Absorption spectra of hot benzyl and allyl radicals are also studied18-21. However, detailed spectroscopic information on large radicals with high internal energy has been limited.
In order to obtain qualitative data concerning hot radicals the following five molecules have been photolysed by an ArF laser in this paper: 
Absorption spectra, their molar extinction coefficients, and the rate constants of collisional relaxation of hot radicals have been determined. Allylic radicals were produced by photolysis as shown in Eqns (1), (2) , and (3) . The absorption spectra of hot radicals are markedly different from those of the relaxed ones. Nevertheless, the oscillator strength is found to remain about the same.
The absorption spectrum of the 2A --2A transition of a methyl radical has been measured and analyzed by Herzberg and Callear and Metcalfe4. Many independent studies have been published on the extinction coefficient and the oscillator strength of the UV band2-1. The methyl radical can be a good reference for other transient species. These values have been confirmed by photolysing halomethanes in Eqns (4) and (5) . We have found that the molar extinction coefficient of the relaxed methyl radical, at the peak depends slightly on foreign gases. Although this is a minor effect, it is important when we use the extinction coefficient as a standard.
The rate constants associated with collisional relaxation have been measured for five hot radicals. The rate constants are derived from overall apparent relaxation. For large radicals, present data are useful for discussing the mechanism of the collisional energy transfer of hot species.
EXPERIMENTAL
The irradiation light source was an ArF laser (193.2nm with the FWHM of 0.6nm, Lambda Physik EMG 500 or EMG 101). The typical pulse width was measured to be 13 ns (FWHM). Olefins with pressures of 0. [3] [4] [5] Torr were irradiated in an area of 0.5 x 3.7 cm2. The irradiation energy was 4-10mJ/cm 2 after correcting absorption and refraction losses of the cell window. Delay times were measured from the end of the laser pulse, i.e. 0 ns was defined as the end of the pulse.
The spectral resolution (AA) was 0.4 nm (FWHM) for methyl radical in Figures 1, 2, 4 , and 5, and 0.6nm in Figure 3 . Stray light was negligible (<1%) with regard to all wavelengths studied in this paper. 
RESULTS

Methallyl radical
This radical was generated by photolysis of 2-methyl-l-butene(MB) and 1-chloro-2-methyl-2-propene(CMP). Both molecules were used for observing the UV absorption spectrum of methallyl radical by Callear and Lee12. We will show that the oscillator strength remains about the same for hot and relaxed radicals by assuming the dissociation yield at the/3 position to be 0.9 (see below) under a low pressure.
The absorption spectrum of the hot radical is shown in Figure 1 Figure 2 [thobs(CH3) )< emax (CH3) Eqn (6) Ratio of molar extinction coefficients at the peak of methallyl radical formed by photolysis of MB and 1-chloro-2-methyl-2-propene (CMP).
The three values obtained in Table II are (1) The yield of the fl(CmC) bond dissociation is 0.9 under a low pressure, whereas, the yield is reduced to about one-half by adding 760 Torr of nitrogen.
(2) Although a drastic spectral change is seen between hot and relaxed spectra, the oscillator strength remains unchanged.
Allyl radical
This radical was obtained by photolysing allyl chloride. Figure 3 shows the absorption spectra of the hot and relaxed allyl radicals. with a pulse duration of 10/xs and evaluated the molar extinction coefficient of methallyl radical to be 13 200 M-lcm-1. Our result is 1" 2 with a 10-ns pulse. Therefore, the molar extinction coefficients of methallyl radical should be much higher than those by Bayrakceken et al., when it is determined on the basis of the methyl radical.
In the case ofthe allyl radical, the present value of 20 200 M-lcm -1 is 30% higher than that in the literature15, which has also been determined on the basis of the molar extinction coefficient of the methyl radical. A bandwidth (FWHM) of 2750 cm-is wider than the present value (2400cm-1). These differences imply that the system had not been equilibrated and/or was at a high temperature. The methyl radical was in a hot and/or non-equilibrated state. The molar extinction coefficients of the hot methyl radical should be smaller than those at room temperature. Tulloch The dissociation reaction will compete with collisional deactivation of So by nitrogen.
The dissociation yield has not been reported in the case of CMB. High yield is expected for photodissociation, because a similar molecule, such as allyl chloride, dissociates with a yield of unity. CMB may dissociate directly and partly by Eqn (9) . Since the RRKM dissociation rate constant is estimated to be two orders of magnitude higher than that of MB, the yield will be reduced just a little even by adding 760 Torr nitrogen. As a result, the assumption of a dissociation yield of unity leads to a reasonable conclusion for the yield of methallyl radical, as seen in Table II . (17) and (18) will be considerably slower than the competing radical-radical reactions of Eqns (15) and (16) Eqns (15) and (16) .
The inserted oscillogram in Figure 4 shows that the absorbance of methyl radical rapidly increases and slbwly decays. The initial increase (< 40ns) is due to collisional relaxation. The slow decay can be explained in terms of the recombination reactions as follows: the recombination reaction of methyl radical has been extensively studied. Figure 4 can be explained in terms of the recombination processes under the assumption of (d 1 The absorption intensity of the 0-0 transition of methyl radical at t 0 ns is about 30% of the relaxed spectrum. The initial population of the v" 0 levels has been analyzed to be only 6.7% by van An increase of absorbance in Figure 5 is due to collisional relaxation into the v"= 0 level. The relaxation rate constants are listed in Figure 4 reaches a maximum at 50 ns, which is consistent with the above expectation. The initial rise is due to collisional population to the v"= 0 level.
The half-width of the methyl radical in the relaxed spectrum depends on the foreign gas. In the case of nitrogen as the foreign gas, the bandwidth (FWHM) is 1.30-1.36 nm ( Figures 2 and 4) ; however, it is 1.14-1.20nm in the cases of CH3C1 (Figure 4 ) and CH3I-C2H6 (200 Torr) systems. The efficiency of the rotational excitation may be slightly different. As a result, the molar extinction coefficient at the central wavelength depends on a foreign gas. This effect is important when using the molar extinction coefficient as a reference, and so we need to select the foreign gas. 
